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SYSTEM RELIABILITY ANALYSIS THROUGH CORONA TESTING
by Vincent R. Lalli, Lawrence A. Mueller, and Ernest A. Koutnik™

Lewis Research Center

SUMMARY

A corona vacuum test facility for nondestructive testing of power system components
is described. The facility was developed to simulate operating temperature and pres-
sure while monitoring corona discharges with residual gases. The facility can create
the following conditions, which simulate those that components of a space power system

would see:
Temperature, O . e -185 to 540
Pressure, N/m2 (torr) . . ... . ... ... .. 1.7x10° to 1. 3x10™ " (1270 to 1><10'9)
Corona discharge rate, discharges/min
At 30 KV de . . . . . e e e e e e e e e e e e e e e e e e e e e e e =5
At -2 KV de . . . . . e e e e e e e e e e e e e e e e e e e e =5
At 20 RV ac . . . . . . e e e e e e e e e e e e e e e e e e e =2
Magnitude of discharges, pC . . . . . e e e e e e e e e e e e e e e e e e e e e e e =2
Residual gas concentration, amu . . . . . .. ... .00 o000 oo L 1 to 500
Residual gas pressure, N/m2 (torr) . . .. .. .. 1.3x1072 to 1. 3x10712 (10"7 to 10_14)

The facility is being used to test various high-voltage power system components. This
report discusses tests on two of these components to explain how the facility is used.
(The components tested were a Brayton cycle statorette model and a direct-current con-
tacter developed for space nuclear systems.) The reliability of high-voltage power sys-
tems is related to leakage, corona, and evaporating gas parameters on a component
level. As leakage and corona increase because of insulation deterioration, failure of the
weak component becomes more and more probable. All power system components
should be tested to determine that these parameters can be held to a specified minimum
for extended periods to ensure a system reliability through corona testing.

* Presented at Power Electronics Specialists Conference sponsored by the Institute
of Electrical and Electronic Engineers, Culver City, California, June 9-11, 1975.




INTRODUCTION

A wide variety of energy conversion systems are being developed by NASA (refs. 1
and 2). Each of these systems converts a primary source of energy to electrical energy
for distribution in more readily usable form. One of the major troublesome mechanisms
by which electrical power sources deteriorate is excessive corona, which leads to per-
manent damage in the form of leakage current. Corona is a manifestation of ionization
in an insulating system (refs. 3 and 4). Under many conditions corona is detrimental to
insulation and consequently should be avoided in electrical power systems that are re-
quired to last a long time and perform with high reliability. Corona discharges may
occur even at moderate voltages when the environmental conditions are appropriate,
that is, when the effect of decreasing pressure in the altitude range from 45 to 75 kilo-
meters is combined with temperature and material density changes. An insulating sys-
tem is usually made up of several different materials in series from the voltage potential
to its ground, for example, residual gases, ceramics, and plastics. Momentary break-
down in any one of the insulators in the series can cause deterioration of the insulation
in the vinicity of the discharge site and can jeopardize the long life and high reliability
of the electrical system. Even though the remaining insulation continues to function
normally after the local discharge, some of the insulation near the discharge site may
have been affected (erosion could remove material and metallizing could deposit thin
films on the insulator surfaces) (refs. 5 to 12). If the corona continues for an extended
period, leakage starts to rise, which indicates that the complete insulation system is in
danger. To achieve long insulation life (2 to 5 yr) and improved reliability, it is neces-
sary to reduce corona discharges to a minimum if not eliminate them entirely.

In the Reliability and Quality Engineering Test Laboratories at the NASA Lewis Re-
search Center a facility has been built to measure corona characteristics of parts of
electrical power systems under conditions likely to be encountered in the operating en-
vironment of the power system. The interface problems encountered with components
from two specific test programs are described in this report. The components studied
were (1) a reactor Brayton cycle space power system statorette, studied to determine
corona threshold level (ref. 13) and selected because it exhibits the failure mechanism
of erosion by corona, and (2) a nuclear space power system direct-current contactor,
studied to determine and improve corona performance (ref. 14) and selected because
it exhibits the failure mechanism of metallizing that deposits thin films on insulator
surfaces by corona. This report also describes the corona vacuum test facility de-
veloped for nondestructive testing of power system components.




DESCRIPTION OF FACILITY AND TESTING PROCEDURES

The presence of corona can be detected by various methods; a technique that uses
a cathode-ray oscilloscope in connection with electronic transducers, filters, ampli-
fiers, controls, instrumentation, and protective equipment is a very sensitive method.
This method gives additional information on the time and phase relation between the co-
rona and the applied periodic voltage. The development of this technique for laboratory
use is discussed extensively in the literature (refs. 15 to 17). Extending the test appar-
tus to include an environmental chamber with alternating-current voltages superimposed
on direct-current voltages is a new development discussed in this report. Considerable
difficulty was encountered when the test apparatus was extended to include a vacuum
chamber (fig. 1), a temperature chamber, and a residual gas analyzer. Commercially
purchased equipment intended to be used as part of this test apparatus did not meet the
low-corona requirement. Fortunately, it was feasible to reduce the corona levels in the
test apparatus to acceptable values by the use of guards, shields, and large-radii leads,
so that voltages up to 30 kilovolis could be tested. In this manner the high-voltage dis-
placement currents required by Maxwell's field equations, which could lead to internal
arcing from high-voltage to low-voltage circuits (refs. 18 and 19), were reduced to
minimum values. The remaining corona disturbances were lower in magnitude and the
periods between occurrences were longer. Thus, long life systems can be achieved with
desired reliabilities.

Brayton Cycle Statorette Models

Testing of the Brayton cycle statorettes (fig. 2) presented problems requiring the
special facility features discussed in this section.

Three statorette models were prepared for measurements of corona threshold volt-
age in three gases over a three-decade pressure range. Cross-sectional diagrams of
the three statorette models are shown in figure 3. Table I lists the statorette descrip-
tions, sizes, and insulation systems. The corona threshold voltage V ct is given by

€4V t
V,, = _1__8 n (1)
1 7| €n

where

€4 dielectric constant of gaseous insulator




v breakdown voltage of gaseous insulator

tlg thickness of gaseous insulator

n number of insulating material layers

t thickness of particular insulating material
€ dielectric constant of particular insulation

The test gases selected were air, argon, helium, and mixtures of helium (He) and
xenon (Xe) having molecular weights of 84, 40, and 20. These gases were chosen for
the following reasons:

(1) An He-Xe mixture is the working fluid of the reactor Brayton cycle power sys-
tem. (However, Paschen curves for He-Xe mixtures are not available to permit calcula-
tions.)

(2) Air and argon are used for ground testing.

(3) Helium, air, and argon permit comparison with calculated data.

Each statorette model was tested in a modified high-vacuum pumping station (fig. 2).
The pumping system contained a liquid-nitrogen- and water-cooled baffle, a 25. 4-
centimeter (10-in.) (0. 25-m3/sec) diffusion pump, a liquid-nitrogen-cooled trap on a
1. 0-cubic-meter-per-minute holding pump, and a 28. 3-cubic-meter-per-minute cen-
tral roughing system. The following modifications were necessary to convert this vac-
uum pumping station into a corona threshold test facility:

(1) Each O-ring-sealed surface was clamped to withstand a maximum test pressure
of 1.69x10° newtons per square meter (1270 torr).

(2) A 1. 3-centimeter- (1/2-in. -) diameter high-voltage transmission line (of copper
tubing) was run from the corona tester to the test specimen.

(3) The tubing from the corona tester to the vacuum chamber was shielded with
15. 2-centimeter (6-in.) galvanized pipe.

(4) The 1. 3-centimeter (1/2-in.) tubing was supported with polystyrene standoffs.

(5) All directional changes were guarded with 2. 5-centimeter (1-in.) corona balls.

(6) The vacuum feedthrough was guarded with 1. 3-centimeter- (1/2-in. -) radius
cover rings.

The corona detector included the following modules installed in a chassis for rack
mounting (see fig. 1):

(1) An oscilloscope module with a 7. 6-centimeter- (3-in. -) diameter display tube,
provision for flat or elliptical sweep traces, a 0 to 90° phase selector switch,
and front-panel controls for intensity, focus, and x- and y-position

(2) A pulse amplifier module with a band pass from 20 to 50 kilohertz, alpha re-
sponse characteristics, a seven-position input attenuator switch with steps of
10 decibels, and auxiliary output recepticals




(3) An alternating-current kilovoltmeter module with four ranges (0 to 5, 5 to 10,
10 to 25, and 25 to 50 kV +4 percent of full scale), peak sensing but calibrated
in root mean square for a pure sine wave
(4) A calibrator module with a front-panel output meter calibrated directly in pico-

coulombs, six output ranges (0-5, 5-10, 10-50, 50-100, 100-500, and 500-

1000 pC), and an on-off output control allowing continuous variation from 0.1 to

1000 picocoulombs
A regulated power supply for the four modules was mounted in the chassis. Power could
be supplied to the modules separately or together from supply lines carrying 105 to 125 |
volts at 50 to 60 hertz. The corona detector and modified vacuum pumping station ex-
hibited no more than two discharges per minute with apparent magnitudes no greater
than 1.0 picocoulomb at voltages up to 10 kilovolts of alternating current at 60 hertz.
To measure the Vct each statorette was placed in the modified vacuum tank as shown
in figure 3. The top and bottom conductors were brought out through two separate
high-voltage feedthroughs, and the stainless steel block which contained the statorette
model was grounded to the vacuum tank and corona detector. The tank was closed,
evacuated, and then filled with the desired test gas to a pressure of 1. 7><105 newtons
per square meter (1270 torr). The V.t Was measured three times at each pressure.
As shown in the following table, the three measurements differed in the manner in which
the corona tester was connected to the test specimen:

Measure- Top Bottom
ment conductor conductor

High voltage Grounded
2 Floating High voltage
3 High voltage Floating

The tank was pumped down in steps to pressures of 1. 4><105, 1.0x10%, 6. 8><104,

3.4x10% and 6. 8x10% newtons per square meter (1016, 762, 508, 254, and 51 torr).
The same Vct measurements were made at each pressure setting. These Vct meas-
urements were also obtained for mixtures of the He and Xe of lower molecular weight
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as follows:

(1) The tank was evacuated as before and then filled with (He-Xe)84 to a predeter-
mined pressure less than 1. 7><105 newtons per square meter (1270 torr).

(2) Pure helium was added to bring the pressure up to 1. 7x10° newtons per square
meter (1270 torr).

(3) samples were taken and tested to verify that the correct molecular weight had
been obtained.




Nuclear Power System Direct-Current Contactor

Testing of the nuclear power system direct-current contactor presented problems
requiring the special facility features discussed in this section. Two contactors were
prepared for corona voltage and current leakage measurements in vacuum with con-
trolled and monitored residual gases over a three-decade pressure range. Cross sec-
tions of the two direct-current contactor models are shown in figures 4 and 5. Each
contactor is made up of two main mechanisms: an actuator and an interrupter. When
the closing coil is energized, the upper and lower contacts close with wiping action.
When the trip coil is energized, the armature is released from the closed position, and
the contacts are forced open by springs in milliseconds. The residual gases around the
component being tested were monitored. These gases were the result of initial pump-
down and the backfill dry nitrogen used for pressure control.

Each model of the direct-current contactor was tested in a modified vacuum pump-
ing station as shown in figure 1. The vacuum pumping station was modified as follows:

(1) High-voltage transmission lines 1.3 centimeters (1/2 in.) in diameter in copper
tubing connected the corona tester to the chamber feedthrough. Vented stainless steel
was used from the chamber feedthrough to the test specimen.

(2) Steps (3) to (6) of the modification procedure given in the previous section were
repeated.

The pumping system includes a bulk titanium sublimation pump (100 m3/ sec), a triode
ion pump (1.2 m3/sec), a liquid-nitrogen cold baffle for cryogenic pumping (8 (m3/sec)/
mz), a molecular turbopump (0. 26 m3/sec), and a water-baffle molecular-sieve central
roughing system (28.3 m3/min). The cold baffle is also used as an oven heat sink. The
chamber oven and test components are bakable to 200° C. The internal shroud is 1 me-
ter in diameter and 1. 80 meters long.

The corona detector used was the same one described in the previous section
(fig. 1), but it was used with the larger chamber. An oven of special design was built to
fit the vacuum chamber and also to accommodate the test components. It has a temper-
ature range to 815° C (1500° F). The nominal dimensions are as follows: diameter,

51. 3 centimeters (20. 2 in.), and length, 98.3 centimeters (38.7 in.). Twenty~four
quartz lamps are equally spaced around the circumference. They are wired in three
banks of eight lamps each. This arrangement provides flexibility to ensure uniform
heating of the test component. If a lamp were to fail during a test, the voltage on that
particular bank could be increased.

The oven material is type 304 stainless steel. Alumina and boron nitride are used
at insulating points. Two vacuum gages are mounted on the end baffle of the oven to
monitor the pressure as close as possible to the test component. Seventeen thermo-
couples are installed outside or inside the oven at discrete points to monitor the temper-
atures. Test data showed the thermal profiles at these locations to be +30° C inside and
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+50° C outside. A thermocouple mounted on the test component was used as the control
thermocouple. This design was able to control component temperature within +5 per-
cent.

For the corona tests, only the lower half of the direct-current contactor assembly
(interrupter section) was used. This section includes all parts which are at high voltage
in normal operation. The high-temperature mechanism which moves the solenoid arma-
ture was not used because the design had previously been proven and the main concern
was the static condition of the open contacts.

The test component was mounted in a horizontal position in the oven installed inside
the vacuum chamber. The high voltage was brought in from the corona test set through
a bushing and lead which were designed to be corona free. The plus direct-current volt-
age was connected to the lower (fixed) contact. The upper (movable) contact and the
outer nickel shell were grounded. The power for the quartz lamps to provide the heat
was controlled by setting the controller, and the input rate was regulated by adjusting
the voltage applied. Pressure was controlled by admitting dry nitrogen to the vacuum
system and manipulating the vacuum pumps.

Residual gases were monitored by using a quadrupole mass spectrometer (QMS)
(refs. 20 to 22). The QMS probe was attached directly to the vacuum chamber. The
probe was functional only when the chamber pressure was lower than 1. 8><10'4 newton
per square meter (1><10'6 torr). The ionizing, filtering, and detection of residual gases
was accomplished in the probe, which was controlled by a small, rack-mounted elec-
tronic package. Spectral display was accomplished in real time at a fast rate on an
oscilloscope or at a much slower rate on a strip-chart recorder. A parallel approach to
the manual methods consists of using an analog-to-digital (A-D) computer interface and
necessary computer hardware and software to process and display the spectral data.
The computing equipment used for gas analysis is a variable factor depending on the
gases to be observed. In most cases a time-shared 16-bit minicomputer with A-D and
D-A cards and an expandable in-frame memory is sufficient.

The testing procedure used can be summarized as follows:

(1) The entire system, including the corona test set, was checked out with the con-
tactor out of the oven by baking out the system and determining if corona was present.
The temperature was raised to 540° C, the same value as used for the later testing, to
assure performance of the oven and other parts at this temperature.

(2) The contactor was installed and the lower (positive) terminal was connected to
the high-voltage lead, while the upper (negative) terminal and case were grounded. The
system was evacuated and baked out to get the contactor into the proper operating condi-
tion.

(3) The effects of temperature on corona threshold voltage were then determined by
holding the chamber vacuum at constant pressure while the temperature varied from
20° to 540° C in discrete steps.




(4) The following data were recorded for each test point:
(a) Leakage current at 1000 volts direct current to determine the insulation
resistance
(b) Corona threshold voltage and leakage current for positive test voltage
(c) Chamber pressure
(d) Contactor temperature
(5) Voltage was increased in 2. 0-kilovolt steps until 20 kilovolts was reached (twice
the rating of the contactor). Corona readings in picocoulombs and leakage current were
recorded. The pressure in the chamber during the runs was in the range 1. 3><10_5 to

1. 3x107% newton per square meter (10"7 to 1078 torr).

RESULTS AND DISCUSSION

The magnitude of corona is usually expressed in picocoulombs, the unit of charge.
If corona is initiated in the residual gases surrounding a particular point, ionized re-
gions are formed. These regions contain a plasma with positive and negative particles
with sheaths on each boundary. A corresponding number of charge carriers are trans-
ferred in the ionized region between the capacitances in the circuit. The magnitude of
corona measured at the detector is a function of where the ionized region occurs in the
test specimen and its relative coupling capacitance. In order to determine the magni-
tude of corona in coulombs from a measured oscilloscope trace, it is necessary to cali-
brate the detector sensitivity to corona pulses. For such a calibration, a pulse gener-
ator is required to introduce a simulated corona pulse in the test circuit. The magnitude
of the calibration pulse is varied while observing the detector oscilloscope screen until
the calibration pulse is equal in magnitude to that of the pulse produced by the corona
signal. The magnitude is read directly on a picocoulomb meter. The relation between
the amount of insulation damage and the magnitude of corona depends on the test circuit
configuration and the primary failure mode, as the statorette and direct-current con-
tactor examples illustrate.

Brayton Cycle Statorette Models

The Vct test results for the three statorettes are shown in figure 6. The experi-
mental curves for air, argon, and helium show the same general trends as the theoret-
ically calculated curves, namely,

(1) The V.t increases with pressure in the range 6.8x10
square meter (51 to 1270 torr).

3 to 1. 7><105 newtons per




(2) Of the three gases shown in figure 6 air exhibits the highest corona threshold
voltage, helium the lowest voltage, and argon an intermediate voltage.

(3) The effect of pressure is most pronounced for air and least for helium.

Analysis of the test data shows that the V ct for the He-Xe mixture is closer to
that of argon than to that of air or helium. This suggests that, since Paschen curves
for He-Xe are not available for calculations, a fair approximation can be obtained by
using the Paschen curve for argon, if the He-Xe mixture has a molecular weight between
20 and 40. The variation with molecular weight is an indication of the energy variation
of the electron-atom collision cross sections and the lifetimes of the excited species in
the plasma, which are ultimately determined by the electronic (internal) structure of the
residual gas atoms. Consequently, the ability of the electrons to diffuse through the gas
as a function of the applied voltage will determine the V ct values (refs. 23 and 24).
Test data indicate that, as the molecular weight of the reisdual gas decreases, the Vct
decreases until the limiting helium performance is reached. The comparison is repre-
sentative of all the curves and shows that good general agreement exists between calcu-
lated and measured results.

Nuclear Power System Direct-Current Contactor

The corona voltage and leakage current test results for the two direct-current con-
tactor models are shown in table II. The original configuration of the direct-current
contactor (fig. 4) that was tested for its operational characteristics was also tested for
its corona threshold and breakdown voltages. As shown in table II (a), the corona at
10 kilovolts was greater than 100 picocoulombs, and the leakage current at 10 kilovolts
was greater than 300 milliamperes at 540° C. Because of these high values design
changes were made in the interrupter section of the contactor (see fig. 5) to increase
the corona threshold voltage and decrease the leakage current.

The value of corona level is acceptable for the configuration of figure 5 up to
20 kilovolts (twice its rated voltage) at 540° C. At 10 kilovolts the value of the leakage
current for this configuration is acceptable, but at 20 kilovolts the value is somewhat
high. Since the contactor was designed for 10 kilovolts, it amply meets the specifica-
tion. Since the level of corona at 20 kilovolts is very low, the contactor has a
100-percent safety factor (when operating at 10 kV) to handle any transient voltage
spikes up to 20 kilovolts, even at 540° C.

If the operating temperature were reduced to 430° C, the contactor could operate at
twice its rating (20 kV), since the leakage current was very low (0.032 mA) at this tem-
perature.

The slight increase in both corona and leakage current with increasing temperature
can be attributed to (1) the reduction in tension produced by the Inconel pressure springs;
(2) outgassing of the materials; and (3) increasing molecular activity, which makes




thermally generated electrons more readily available; all of which decrease the resis-
tivity of the exposed materials (refs. 23 and 28).

The composition of the residual gases in these tests was largely uncontrolled. The
gas composition during corona testing (configuration of fig. 5) was monitored to permit
evaluation of the contactor in an environment which closely matched that used for
operational testing (configuration of fig. 4). The test gas for the configuration of fig-
ure 4 represented that expected in a normal vacuum system. Pure nitrogen gas (99. 99
percent pure) was used to adjust the magnitude of the vacuum between tests. Although
99. 99-percent-pure dry nitrogen is bled into this corona testing apparatus, it was not
unusual to detect only about 50 percent nitrogen or less in the vacuum chamber. The
other 50 percent consisted of residual gases, which could affect the corona properties.
The ion gage on the vacuum chamber can monitor total pressure but cannot indicate a
small water leak or a high background of helium during the corona test. Various kinds
of residual gases with excessive partial pressure levels during corona measurements
can affect the electrical performance in a complicated manner. Table IO shows the
percentage composition of the residual gases for the test results given in table II. No
new gases were introduced, and the partial pressures for the configuration of figure 4
were within 3 percent of those for the configuration of figure 5. The principal causefor
high corona and leakage at lower voltages and temperatures for the configuration of fig-
ure 4 was the line of sight metal film deposition occurring on the alumina insulators.

During the course of testing the configuration of figure 5, an arc-over occurred
across the open contacts at 19 kilovolts and 95° C. Also, at 205° C an arc-over oc-
curred at 19 and 20 kilovolts. Reference 27 notes that if the electrode gap is continually
sparking over, even in vacuum only, the breakdown voltage increases until it reaches a
plateau. Evidently, when arc-over occurred in this experiment, it conditioned the con-
tacts since it never occurred after that, even at the much higher tempeatures. Slivkov
(ref. 28) found that, for heated nickel electrodes at temperatures up to 800° C, the
breakdown strength coincided within 5 percent with measurements obtained at ambient
temperature. The fact that no arc-over occurred at the 540° C test temperature of this
experiment indicates that breakdown voltage is not significantly influenced by tempera-
ture.

Differences in pressure at approximately 1. 3><10-4 newton per square meter
(10'6 torr) and lower did not affect the corona and leakage level measurements.

The contactor was also tested with reversed polarity. The significant increase in
corona that resulted suggests that the contractor would have to be derated to be used
with reverse polarity. Therefore, for maximum service life the contactor should be
wired with the plus direct-current voltage applied to the lower (fixed) contact and the
upper (movable) contact grounded. Upon completion of all the testing the contactor was
disassembled and inspected; minor deterioration of components was observed.

Based on these results, it may be concluded that the contactor design shown in fig-
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ure 5 is satisfactory and meets its design specifications. The reliability of high-voltage
power system components is related to leakage, corona, and evaporating gas parameters
on a component level. As leakage and corona increase because of insulation deteriora-
tion, failure of the weak component becomes more and more probable. Power system
components which have been optimized for corona and leakage performance can achieve
long life and ensure a successful mission even though mean-time-between-failure esti-
mates equal to or greater than the mission time for the power system cannot be exhibited
by the small number of units built.

CONCLUDING REMARKS

Success in making corona measurements and using the results to improve reliabil-
ity of power systems requires knowledge about the nature of corona electrical stresses
and their effects on material strengths and performance of the electrical equipment and
test apparatus for environmental simulation and measurements. The technique has been
to use oscillographic methods of detection and to reduce corona streamers from the
high-voltage circuits by using small-diameter conventional components with large-radius
shielding. In this manner the insulating materials are protected from the deteriorating
effects of corona impingements, and the useful life is greatly extended. Corona tests
and measurements are used in research on power system components, in development of
insulating systems, and in product assurance of power systems. The economical bene-
fits resulting from corona testing have been important.

Corona threshold voltages obtained from statorette tests with various gas-solid di-
electric systems and comparison with calculated data support the following conclusions:

(1) Of the gases tested, air gives the highest corona threshold voltage and helium
the lowest. Argon and mixtures of helium and xenon are intermediate.

(2) Increasing the gas pressure increases the corona threshold voltage.

(3) Corona threshold voltage for an armature winding can be calculated by using
Paschen curves for a uniform field. The results of the calculations give a good approxi-
mation to the observed values of corona threshold voltage.

(4) Paschen curves for argon can be used to calculate the corona threshold voltage
for mixtures of helium and xenon for which Paschen curves are not available. The re-
sultant approximation is most accurate for helium-xenon mixtures of molecular weight
between 20 and 40.

In addition, theory indicates that to increase the corona threshold voltage the fol-
lowing possibilities exist:

(1) Use a gas of higher breakdown strength

(2) Increase the effective insulation thickness by either increasing the actual insula-
tion thicknesses tyy tgy - - oy t, orby decreasing the dielectric constants
€9y €35 - + 5 €.
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(3) Eliminate voids by filling them with a dielectric material.

(4) Eliminate the voltage stress across a gaseous gap by providing a conductive path
across the gap.

A direct-current contactor (10 kV, 10 A) was built for operation at 540° C and at a
pressure of 1. 3x10™% newton per square meter (10'6 torr) or lower. The contactor was
tested at 10 kilovolts with a 100-percent margin on voltage in order to show tolerance
of transient voltage spikes up to 20 kilovolts. When the operating temperature was re-
duced to 430° C, the contactor operated successfully at twice its rating, or 20 Kkilovolts.

Testing in the corona vacuum facility of this type has defined several component
problem areas that need to be considered in the design of direct-current contactors in-
tended for long life missions:

(1) Maximum venting of the inner and outer ceramic insulators is required. This
could be accomplished by inserting holes in all inner insulators and also by allowing
ample spacing between the inner and outer insulators.

(2) Metallizing is required on the interface surfaces of all the ceramic insulators.
This would provide maximum contact between the dielectric and the metallic conducting
rings and would eliminate the possibility of any high-voltage gradients in these areas.

(3) Pressure springs on the assembly are required to maintain pressure on all the
interfaces between the ceramic insulators and the metal conducting rings at the operat-
ing temperature.

(4) All parts that are at a positive potential should have round edges and smooth
surfaces.

(5) A fast actuating mechanism that could operate at the high temperatures could be
achieved through use of selected materials for the closing and trip coils, the magnets,
the armature, and the springs.

Based on these results, it may be concluded that corona vacuum testing under sim-
ulated environmental conditions is worth the time and expense necessary to undertake
such testing on a component level. The reliability of high-voltage power system compo-
nents is related to leakage, corona, and evaporating gas parameters on a component
level. As leakage and corona increase because of insulation deterioration, failure of the
weak component becomes more and more probable. Power system components which
have been optimized for corona and leakage performance can achieve long life and ensure
system reliability through corona testing.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, July 2, 1975,
506-23.
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Figure 4. - Cross section of direct-current contactor for operational testing.
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Figure 6. - Corona threshold voltage comparison.
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